Introduction {#sec1-1}
============

Ischemic stroke is a major cause of death and disability worldwide (Hénon et al., 1995) and antiplatelet treatment is a mainstay in secondary stroke prevention. Atherosclerotic intracranial arterial stenosis is a leading cause of ischemic stroke (Sacco et al., 1995; Wong et al., 2003), and preventing its progression is important for reducing the risk of stroke in patients with symptomatic stenosis. Although aspirin is widely used as an antiplatelet agent, the development of drug resistance and the risk of bleeding (Szczeklik et al., 2005) have limited its clinical application.

Cilostazol, a selective phosphodiesterase III inhibitor, has been shown to be effective in the secondary prevention of stroke (Matsumoto, 2005), thus it has drawn much attention over the past few years. Along with other antiplatelet medications, it was shown not only to inhibit the proliferation of arterial smooth muscle cells and improve lipid metabolism (Park et al., 2009), but also to prevent re-stenosis after coronary angioplasty (Park et al., 2000). Additionally, it acted as a neuroprotective agent (Lee et al., 2006) by increasing cyclic adenosine monophosphate levels (Huang et al., 2008).

Based on these results, it has been hypothesized that cilostazol reduces the progression of intracranial arterial stenosis and thus prevents ischemic events. Here, we collected all studies about the prevention of intracranial arterial stenosis with cilostazol and analyzed them using RevMan 5.2 software. The analysis assessed the efficacy of cilostazol *versus* aspirin in ameliorating intracranial arterial stenosis, aiming to provide guidance for clinical application.

Data and Methods {#sec1-2}
================

Data retrieval {#sec2-1}
--------------

Electronic databases including PubMed (1966/2014-06), Embase (1980/2014-06), Cochrane Library (Issue 6, 2014), Chinese National Knowledge Infrastructure (1995/2014-06), Current Controlled Trials (<http://controlled-trials.com>), Clinical Trials.gov (<http://clinicaltrials.gov>), and Chinese Clinical Trial Registry (<http://www.chictr.org>) were searched by using the Mesh or text keywords of "cilostazol, phosphodiesterase 3 inhibitor, atherosclerosis, and ischemic stroke". No restrictions were put on publications or publication language.

Criteria for study selection {#sec2-2}
----------------------------

### Inclusion criteria {#sec3-1}

\(1\) All patients in the studies had a medical history of ischemic stroke or transient ischemic attack. (2) The published studies were all randomized controlled trials in which patients were randomly grouped, with each group receiving different interventions for comparison. (3) The primary outcome was the change from baseline in the degree of intracranial artery stenosis, evaluated by magnetic resonance angiography and transcranial Doppler. (4) All studies lasted at least 6 months.

### Exclusion criteria {#sec3-2}

\(1\) Studies were non-randomized controlled trials. (2) Patients had a history of gastrointestinal bleeding, bloody urine, or conjunctival hemorrhage. (3) Patients had serious diseases such as malignant neoplasm, heart failure, or renal failure.

Assessment of study quality and data extraction {#sec2-3}
-----------------------------------------------

Data were extracted independently by two investigators. Discrepancies were resolved by consensus or third-author adjudication. The following data were abstracted from each study: details of participant characteristics (age, gender), interventions given to each group, outcome measures, and follow-up results.

Methodological quality of the randomized controlled trials was assessed by evaluating the quality of several domains: randomization, generation of the random sequence, allocation concealment, blinding, use of intention to treat analysis, description of withdrawals and completeness of follow-up.

Outcome measures {#sec2-4}
----------------

The outcome measure was the change from baseline of intracranial artery stenosis as evaluated by magnetic resonance angiography (MRA) and transcranial Doppler (TCD).

Statistical analysis {#sec2-5}
--------------------

We used RevMan 5.2 software (<http://tech.cochrane.org/revman>) to perform this meta-analysis. Results were expressed as odds ratios (ORs) with 95% confidence intervals (CIs) for dichotomous outcomes. Heterogeneity across trials was assessed by standard Chi square test. With the *I*^2^ \> 50%, *P* \< 0.01 was considered evidence of substantial heterogeneity. If this was true, a random effects model was used for statistical analysis, otherwise we used a fixed model. In order to avoid potential sources of heterogeneity, we explored the data using subgroups. Publication bias was tested by funnel plot.

Results {#sec1-3}
=======

Eligible trials {#sec2-6}
---------------

Two randomized controlled trials (Kwon et al., 2005; Guo et al., 2009) with a total of 203 patients were identified for inclusion from 126 potentially relevant publications ([**Figure 1**](#F1){ref-type="fig"}).

![Process of study selection.\
Of the initial 126 potentially relevant publications, 94 were excluded after primary reading, including 34 experimental animal studies and 60 case reports or reviews. The remaining 32 articles were examined further, and 27 studies unrelated to intracranial artery stenosis were excluded. Of the remaining five full articles, two were excluded because they were non-RCTs. Thus, two RCT studies were analyzed. RCTs: Randomized controlled trials.](NRR-10-667-g001){#F1}

Baseline characteristics and study quality {#sec2-7}
------------------------------------------

Using this retrieval method, two eligible trials (Kwon et al., 2005; Guo et al., 2009) published between 2005 and 2009 were found from different countries including Korea and China, containing a total of 203 patients. One study compared the efficacy of cilostazol and aspirin (Guo et al., 2009), and the other compared cilostazol with a placebo based on aspirin usage (Kwon et al., 2005). [**Table 1**](#T1){ref-type="table"} summarizes the baseline characteristics of the two trials. Both trials analyzed the progression and regression of intracranial artery stenosis. Regarding side effects, both trials analyzed headaches, gastrointestinal disturbance, dizziness, skim rash and major bleeding. Both studies were of type scale A. [**Table 2**](#T2){ref-type="table"} summarizes the study quality of the two trials.

###### 

Baseline characteristics of the two randomized controlled trials

![](NRR-10-667-g002)

###### 

Study quality of the two randomized controlled trials

![](NRR-10-667-g003)

Meta analysis {#sec2-8}
-------------

### Progression of intracranial artery stenosis {#sec3-3}

The included studies (Kwon et al., 2005; Guo et al., 2009) reported the progression of symptomatic intracranial artery stenosis, with aspirin and placebo as respective controls. MRA and TCD were used in both studies to examine arteriostenosis. There was no heterogeneity in MRA or TCD results across studies (*P* = 0.35, *I*^2^ = 9%), and a fixed-effects model was adopted. Meta-analysis revealed significant differences between the effect of cilostazol and aspirin (*OR* = 0.21, 95%*CI*: 0.09--0.47, *Z* = 3.76, *P* \< 0.01), and similar results were obtained with a random-effects model (*OR* = 0.24, 95%*CI*: 0.10--0.60, *Z* = 3.08, *P* \< 0.01). Therefore, according MRA and TCD data, cilostazol was superior to control treatment in preventing and treating the progression of intracranial artery stenosis ([**Figure 2**](#F2){ref-type="fig"}).

![Forest plots comparing the progression of intracranial artery stenosis between cilostazol and control groups, as measured with magnetic resonance angiography (MRA) and transcranial Doppler (TCD).\
Progression in cilostazol groups was significantly less than in control groups (*P* \< 0.05).](NRR-10-667-g004){#F2}

### Regression of intracranial artery stenosis {#sec3-4}

The two studies also reported the regression of symptomatic intracranial artery stenosis. There was no heterogeneity in the MRA or TCD results across studies (*P* = 0.49, *I*^2^ = 0%), and a fixed-effects model was again adopted. Meta-analysis results revealed no significant differences between the effects of cilostazol and aspirin (*OR* = 1.42, 95%*CI*: 0.80--2.51, *Z* = 1.19, *P* = 0.24), and similar results were obtained with a random-effects model (*OR* = 1.42, 95%*CI*: 0.79--2.55, *Z* = 1.18, *P* = 0.24) ([**Figure 3**](#F3){ref-type="fig"}). Therefore, according MRA and TCD data, cilostazol was not superior to control treatment in inducing regression of intracranial artery stenosis.

![Forest plots comparing the regression of intracranial artery stenosis between cilostazol and control groups, as measured with magnetic resonance angiography (MRA) and transcranial Doppler (TCD).\
Regression in cilostazol groups did not significantly differ from that in control groups (*P* \> 0.05).](NRR-10-667-g005){#F3}

### Adverse effects {#sec3-5}

Guo et al. (2009) reported that some adverse effects developed during the follow-up period, including headache (14.7%), gastrointestinal disturbance (7.4%), and dizziness (2.9%). Kwon et al. (2005) also found that patients suffered from headaches (24.4%), gastrointestinal disturbances (16.3%), and dizziness (12.6%). Headache developed more frequently in the cilostazol groups than that in the aspirin groups, while the frequency of bleeding events was much less in the cilostazol groups than in the aspirin groups. The incidences of other adverse events were not significantly different between groups.

### Publication bias evaluation {#sec3-6}

We used a funnel plot to examine publication bias between the studies that were included. Results showed that plots centered on the *OR*, but were not symmetrical, indicating that there may have been publication bias ([**Figure 4**](#F4){ref-type="fig"}). Because of the small number of articles included, this was inevitable. However, there was little heterogeneity between the two studies and the statistic results were reliable.

![Funnel plots for progression (A) and regression (B).\
Plots did not take an inverted funnel shape, suggesting that there may have been publication bias in the included studies. The vertical axis is a measure of the precision of the estimate of the treatment effect. Here the measure of precision is the standard error of the log *OR*. The horizontal axis measures the treatment effect (the *OR*).](NRR-10-667-g006){#F4}

Discussion {#sec1-4}
==========

This meta-analysis suggests that cilostazol may reduce the progression of intracranial artery stenosis and that it is more effective that aspirin when given either alone or in combination with aspirin. There are four categories of drugs widely used in the clinical treatment of ischemic stroke: aspirin as a representative cyclooxygenase inhibitor, clopidogrel as a representative ADP-receptor antagonist, cilostazol as a representative phosphodiesterase inhibitor, and tirofiban as a representative IIb/IIIa receptor antagonist. Aspirin, cilostazol, and clopidogrel (Urbano et al., 2004; Furie et al., 2011) are currently recommended by the American Heart Association and the American Stroke Association (Symeonidis et al., 2002) as ischemic stroke secondary prevention drugs.

Cilostazol reversibly inhibits the activation of phosphodiesterase-3A and hinders degradation and transformation of adenylate cyclase. This increases adenylate cyclase levels in platelets and blood vessels, which helps prevent platelet aggregation (Ikeda, 1999) and inhibits pathologic proliferation of vascular intima (Porto et al., 2012). Moreover, cilostazol also plays a role in lowering serum triglycerides and raising the amount of high-density lipoproteins that make plaque stable (Yan et al., 2011), and significantly prevents thickening of the carotid artery intimamedia (Geng et al., 2012), which is an indicator of atherosclerosis and an established risk factor for stroke (Hollander et al., 2003).

Intracranial atherosclerosis is considered to be a high risk factor of recurrent ischemic stroke. In the GESICA (Groupe d'Etude des Sténoses Intra-Crâniennes Athéromateuses symptomatiques) study, stroke or transient ischemic attack occurred within 2 years in 38.2% of patients with symptomatic intracranial stenosis, and the risk was increased to 60.7% for thermodynamically significant stenosis (Mazighi et al., 2006). Randomized studies of symptomatic intracranial arterial stenosis showed that treatment with cilostazol significantly reduced progression of the stenosis (Sallustio et al., 2010; Yamada and Fujimoto, 2011).

Cilostazol had a remodeling effect on stenotic lesions due to arteriosclerotic changes and improved cerebral blood flow in some patients (Kai et al., 2011). The current results support these findings, with meta-analysis showing that cilostazol significantly prevented progression of intracranial artery stenosis. However, it did not appear to have any effect on regression of the stenosis. Because MRA images show regions of cerebral blood flow, rather than the true vascular diameter, the degree of stenosis is often overestimated, particularly in mild to moderate stenosis. In the evaluation of arterial stenosis, digital subtraction angiography is more sensitive and specific than MRA (Hirai et al., 2002).

Results of a preliminary study using both MRA and digital subtraction angiography showed that cilostazol induced improvement of symptomatic intracranial arterial stenosis (Yamada and Fujimoto, 2011). In addition to suppressing platelet aggregation and platelet adhesion, cilostazol also suppresses vascular smooth-muscle cell proliferation (Takahashi et al., 1992), improves vascular endothelial functions, and dilates blood vessels (Shin et al., 2004). Previous studies have reported that cilostazol was associated with significant decrease in high sensitive C-reactive protein (Agrawal et al., 2007), total leukocyte count, interleukin-6, platelet P-selectin, and neutrophil Mac-1 (Inoue et al., 2004). This evidence indicates that cilostazol has anti-inflammatory effects, which may play an important role in inhibiting the progression of atherosclerosis.

Recently, a meta-analysis revealed that cilostazol might be a more effective and safer alternative to aspirin for patients with ischemic stroke (Qian and Bi, 2013). Qian and Bi (2013) also reported fewer incidences of bleeding in patients treated with cilostazol than in those treated with aspirin. This difference is possibly related to cilostazol\'s pharmacological effect. Cilostazol cannot only prevent platelet aggregation and inhibit thrombosis, but it also can improve endothelial function and dilate blood vessels by increasing nitric oxide, an endogenous vasodilator factor, and by reducing intracellular calcium concentration (Shinohara et al., 2010). However, in addition to this positive side effect, cilostazol was also associated with minor adverse effects, such as gastrointestinal disorders dizziness, and headache. This result is quite consistent with that of another report (Huang et al., 2008). Because of the small sample size of studies investigating this issue, more clinical studies are still warranted for establishing the side effects of cilostazol.

Although cilostazol provides a new treatment option for aspirin-resistant patients, cilostazol\'s monthly cost is several times higher than aspirin (Feng et al., 2010). For developing countries, cost is a point that doctors must consider when they recommend a medication, and for patients in these regions, the cost of cilostazol it too high, especially compared with that of aspirin. Additionally, there are still very few studies related to cilostazol. All these factors contribute to limiting the breadth for cilostazol use. For patients who have failed to medically manage internal carotid artery disease, changing to other types of drugs or to combination therapy may be reliable options.

While actively controlling risk factors for cerebrovascular disease, combination therapy (such as cilostazol combined with aspirin or clopidogrel) could make full use of drugs and achieve the goal of reduced platelet aggregation, which should prevent deterioration and progression of the disease (Li and Huang, 2008). However, the safety and efficacy of these methods have yet to be assessed.

The present study may have the following limitations. First, although a comprehensive search was undertaken, the resulting sample size was small and publication bias was found. Thus, well designed, large studies are still warranted. Second, all patients were from East-Asian populations, and caution should be taken in generalizing the findings to more diverse populations. Third, follow-up periods were non-uniform in the trials of the sample studies, which could add clinical heterogeneity to this study.

In summary, although cilostazol does not seem to reverse intracranial artery stenosis, it may work to prevent further progression of the condition. Although publication bias resulted from the small number of studies, we avoided selection bias by collecting as many documents as possible and controlled study bias through discussions between two researchers. All the randomized controlled trials included were scale A. The quality of study methodological was strictly evaluated. The final statistical results showed that heterogeneity between the two studies was small and similar results were obtained using fixed-effect and random-effects models. Therefore, the final results were reliable. Further studies are required to confirm this beneficial effect in larger cohorts of patients with ischemic stroke caused by intracranial artery stenosis.
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